amount of phosphorus and potassium in the plants' leaves. In the spring-summer period, a considerable decrease of phosphorus content in the plants was observed, but at the same time, there was an increase of potassium content. In the springsummer period, plant age affected the phosphorus and calcium content of the plants, while in the autumn-winter period, the phosphorus, potassium and calcium content was affected. A decrease in calcium, nitrogen and magnesium content was found in the spring-summer period, while the content of sulphur tended to increase. The obtained results could be a valuable instrument for the interpretation of index parts of plant analyses for diagnostic purposes.
INTRODUCTION
Poland is a one of the biggest anthurium producers in Europe; in terms of the volume of production it ranks second after Holland (Jabłońska 2005) . The cultivation of this species in our country has been developing systematically (Mojsiej 2002) . Recently, its yield has grown significantly thanks to the application of inert media (mainly expanded clay) and fertigation (Komosa and Kleiber 2003) .
The nutrient status of a plant is one of main factors affecting the plant's yielding. A number of factors, both biotic and abiotic ones, can modify the chemical composition of plants. Among them, the most essential is the applied fertilization and the chemical composition of nutrients (Dufour and Guérin 2005 ). An influence is also exerted by the plants' age, the applied cultivar (Mills and Scoggins 1998) , as well as the substrate type used for plant cultivation Voogt 1993, Anthura 1998) . The nutritional status, particularly in case of permanent crops, can be also modified by the influence of vegetation periods, which differ between each other with regards to temperature, real insolation and solar radiation (e.g. the photosynthetically active radiation -PAR).
The influence of vegetation period on nutrient uptake was studied earlier for other species, such as Dendranthema grandiflora Tzvelev (Brześ and Jerzy 2004) , greenhouse roses (Cabrera et al. 1995) or Euonymus japonica (Hershey and Paul 1983) . Breś and Jerzy (2004) reported that in the winter the highest amount of nitrogen, phosphorus and calcium in the index parts of plants was found -but with an improvement of light conditions, the nutritional status of these macroelements decreased. Meanwhile Cabrera et al. (1995) showed that in the summer months, plants take in two times more nitrogen and the remaining components than they do in the winter months, and this fact has a positive effect on their nutritional status. The phenomenon of periodicity in the uptake of nutritive components was also confirmed in the case of Euonymus japonica (Hershey and Paul 1983) .
The objective of the present study was the recognition of the natural tendencies of macroelement nutrition and the yielding of the standard cultivars of anthurium (Anthurium cultorum Birdsey) grown in expanded clay, with regard to the growing period. The knowledge of these relations will permit more precise diagnostics of the plant's nutritional status and enable possible modification of the chemical composition of the applied nutrient for fertigation, depending on the given vegetation period.
MATERIAL AND METHODS
The research study was carried out in two production farms in west Poland (Wielkopolska) possessing two greenhouses of the Venlo type (from the Netherlands), which are equipped with modern fertigation systems, a climate control and registration system, air moisture control and energy saving curtains. The object of the studies consisted of the standard cultivars of anthurium (Anthurium cultorum Birdsey): 'Baron', 'Choco', 'Midori', 'Pistache', 'President' and 'Tropical' (Anthura, the Netherlands) grown in expanded clay (ø 8-18 cm Drip irrigation in a closed system without nutrient recirculation was applied. The experiment included a standard nutrient for drip irrigation of anthurium grown in inert mediums of (in mg per . The nutrient solution was distributed to the beds by drip-irrigation lines with emitters located every 20 cm. The frequency and time of fertigation depended on the season of the year. In summer, fertigation was applied 6-8 times per day, supplying 4-5 dm 3 of nutrient per 1 m 2 . In winter, the procedure was repeated 2-3 times per day and 2-3 dm 3 were applied. About 20% of nutrients were leaked out from the root environment. In order to ensure adequate air humidity and substrate moisture, the cultivation was sprinkled with rainwater using micro-sprinklers.
Periods of vegetation
A moderately warm climate is characterized by the occurrence of cyclical changes in the real insolation and solar radiation (included PAR) during the annual course. In the spring-summer period (April -September), PAR showed the average monthly value of 345 μmol m -2 , real insolation lasted 228 hours and radiation showed the value of 43589 J cm -2 (Table 1 ). In the autumn-winter period (from October to March), which is usually characterized by a light deficit, the real insolation, solar radiation and PAR were smaller by 59.7%, 70.9% and 65.6%, respectively. Samples of plant material were taken every two months, between the 14 th and the 16 th day of the month in the autumn-winter period (in January, March and November) and in the spring-summer period (in May, July and September) in the years 2002 − 2004. The indicator parts of anthurium consisted of fully developed leaves from plants after fresh flower cutting (De Kreij et al. 1990 ). The leaves were randomly sampled from the total area of beds, from plants characteristic of the given cultivar, that were healthy, well yielding and without any symptoms of damages. One sample of each cultivar consisted of 15-20 leaves; a farm was the replication for a cultivar. Collected samples were dried at 40-50°C, after which they were ground. In order to determine the general forms of P, K, Ca and Mg, the plant material was mineralized in a concentrated sulphuric acid; N − was mineralized in a mixture of sulphuric acid and sulphosalicylic acid, S − was mineralized in a mixture of nitric and perchloric acids (3:1 v/v) (IUNG 1972) . After the mineralization of plant material, the following determinations were done: N -by the distillation method according to Kjeldahl on a Parnas-Wagner apparatus; P -by the colorimetric method with molybdate ammonium, according to Schillak; K, Ca, Mg -by the AAS method, in the apparatus of Carl-Zeiss-Jena; S was determined nephelometrically with BaCl 2 .
Statistical analyses
The macroelement contents and the yield of six anthurium cultivars in three successive years of growth, with the consideration of spring-summer and autumnwinter vegetation periods, were subject to analyses with the use of a linear model describing factorial experiments. For each cultivar, a multi-dimensional analysis of variance was carried out for a two-way classification. Furthermore, homogeneous groups of the studied years were created applying Tukey's test (Morrison 1976) . All numerical analyses were performed using the STATISTICA 8.0 package.
RESULTS

Plant yielding
A significant yielding improvement was found (its growth increased by 94.1%) in the spring-summer period as compared with the autumn-winter period ( Table 2 ). The yielding of plants in the spring-summer period was stable (10.5-10.9 flowers per m 2 per month). Along with the aging of the plants, there appeared to be a tendency towards better yielding in the autumn-winter period (for example, in 'Choco', the growth increased by 156%). 
Content of nutrients in the indicator parts of plants
Both in the spring-summer period and in the autumn-winter period, the nutrition of the studied cultivars with regards to nitrogen was found to be stable (Tables 3 and  6 ). Differentiated changes in the content of this macroelement were determined in case of 'Baron' and 'Pistache' cultivars only in the autumn-winter period. Among the mean values for the studied cultivars, the highest nitrogen content was found in the youngest plants (year 2002) , while the lowest was in case of the three-year-old plants (year 2003) .
In reference to phosphorus, it was found that the vegetation period exerted a significant influence on the plants' nutritional status with regards to this element (Tables 3 and 6 ). In the period of light deficit, there occurred a significant increase of phosphorus content in the indicator parts of the plants. With the advanced age of the plants -in both vegetation periods -there followed an essential increase of the phosphorus content in the majority of the studied cultivars. Phosphorus content significantly increased as the plants aged. Significantly, the least content of this element was found in the case of two-year-old plants (year 2002) , while the greatest phosphorus content was present in the oldest plants (year 2004).
A significant increase of potassium content was found in the plant indicator parts in the spring-summer period, as compared to the autumn-winter period (Tables 4 and 6 ). Table 3 Furthermore, in the autumn-winter period, there were significant differences between the cultivars. A stable potassium content was determined in the cultivars 'Choco', 'Pistache' and 'Tropical'; however, the mean value from all studied cultivars showed a significant increase of the potassium content in the oldest plants. Differentiated changes of potassium content were found for the mean value from cultivars in the spring-summer period. Similarly as in the autumn-winter period, there appeared some differences between the cultivars. Stable potassium nutrition within each vegetation period was found in the 'Choco' and 'Tropical' cultivars, while the 'Baron' and 'Midori' cultivars showed a significant increase of potassium content. a − young leaves, in 90% ripe, pale-green, 10 days before full maturity; b − mature leaves, dark-green, with a growing flower mature in 75%.
With the aging of the plants, a significant decrease of the calcium content was determined in the majority of the cultivars (except for 'President' and 'Tropical') in the autumn-winter period (Tables 4 and 6 ). In turn, in the successive years of study, in the spring-summer period the majority of cultivars showed a stable content of this element. However, the mean value for the studied cultivars showed a tendency for the calcium content to decrease in the indicator parts of the plants.
There was no significant effect of the vegetation period on the plant nutrition with regard to magnesium (Tables 5 and 6 ). In the autumn-winter period, a stable magnesium content was determined in all of the studied cultivars (Tables 5 and 6 ). However, differences were shown in the nutrition with regard to magnesium between the particular cultivars in the spring-summer period. A stable magnesium content was found in the 'Midori', 'Pistache' and 'President' cultivars, while the remaining cultivars showed differentiated changes of Mg content.
Both in the autumn-winter period and in the spring-summer period, the nutrition with regard to sulphur was found to be stable (Tables 5 and 6 ). There were no differences between the successive years of studies. A decrease in sulphur content was only found in 'Choco' and 'Midori' in the autumn-winter period.
The macroelement nutritional status of anthurium plants was significantly affected by light conditions. Compared to autumn-winter, in the spring-summer period there was a natural tendency for a significant decrease of phosphorus content (-10.25%, with autumn-winter content being 100%), with a simultaneous increase of potassium content (+10%) in the plant indicator parts (Table 6 ). The age of plants significantly modified the plant nutrition with phosphorus (+76%) and calcium (-22.7%) in the spring-summer period, while the nutrition with phosphorus (+81.5%), potassium (+16.7%) and calcium (-55.8%) was modified in the autumn-winter period.
DISCUSSION
The decreased anthurium yield in some periods of the vegetation season confirmed earlier studies by Dufour and Guérin (2003) . Leffring (1974) reported that a factor that limits the yielding of anthurium is light, which stimulates the growth of plants and the development of leaves contributing to the initiation of inflorescence and flower buds. This thesis was given also by Dai and Paull (1990) , who argued that yielding periodicity of anthurium resulted from the variable light conditions. In our own study, when the age of plants advanced, there was a natural tendency to an improvement of the nutritional status with phosphorus, but in reference to calcium, the tendency was rather towards a deterioration of its content. Dufour and Guérin (2005) showed that with the aging of plants, their nutrition with potassium deteriorated. The mentioned authors also suggested that the factor which modifies the nitrogen content in plant indicator parts is the N:P:Ca ratio of the nutrient used for fertigation. These authors also argued that the chemical composition of nutrients depends on the plant's developmental phase. The mentioned authors, for the cultivations carried in the equatorial climate, suggested decreasing the contents of phosphorus and potassium in the nutrient applied for fertigation when the plants enter into the generative phase.
In our own study, we have compared the plants' nutritional status with the ranges of macroelement contents recommended by other authors for cultivations carried out in different climatic conditions (Table 7 ). The determined ranges of nitrogen content in both vegetation periods were convergent only with those reported by Mills and Scoggins (1998) . A comparatively high convergence has been found in the case of phosphorus content in plant indicator parts. Similar values of phosphorus were reported by Mills and Scoggins (1998) and by Chen et al. (2003) . In turn, only Chen et al. (2003) reported potassium values similar to those found in our studies. The determined ranges of calcium content were similar to the values reported by Anthura (1998) and by Chen et al. (2003) . The determined values of magnesium were different than those quoted in the literature. Our ranges of sulphur content were convergent with those reported by Uchida (2000) and by Chen et al. (2003) . Generally, in our own research, the determined element contents showed a small degree of convergence with the ranges recommended by other authors. This may be a testimony of the modifying effect exerted on the nutritional status of anthurium by the climatic conditions occurring in Poland, or other factors such as the different chemical compositions of nutrients applied on the plants.
In our own research, a decrease of calcium, nitrogen and magnesium contents in the index parts of anthurium was found in the spring-summer period, while the content of sulphur tended to increase. It is possible that the decrease in some nutrients resulted from their dilution in the tissues as a consequence of intensive plant growth in a period with better light conditions. In the case of other plant species, dependences similar to those obtained in our own study, referring to the effect of vegetation period on plant nutritional status, were obtained by Breś and Jerzy (2004) . These authors reported that the indicator parts of Dendranthema grandiflora Tzvelev (an annual plant) contained the highest amounts of nitrogen, phosphorus and calcium in months with a low real insolation (winter months). With an improvement of light conditions, the nutritional status with regard to these macroelements decreased.
However, Cabrera et al. (1995) showed that in summer months, greenhouse roses take in two times more nitrogen and the remaining components than they do in winter months, and this fact has a positive effect on their nutritional status. The intensity of element uptake by the plants is connected with their growth phase. The uptake of a greater amount of elements in the summer period can be the result of a greater number of photoassimilates supplied to the plant root system in that period. The phenomenon of periodicity in the uptake of nutritive components was also confirmed in case of Euonymus japonica (Hershey and Paul 1983) . CONLUSIONS 1. In the successive vegetation periods a periodicity of anthurium yielding was found. There appeared a trend towards a significant improvement of yielding in the spring-summer period, in comparison with the autumn-winter period. 2. A significant effect of vegetation period on the plant nutritional status was found. In the spring-summer period, the phosphorus content decreased significantly, while the potassium content increased in the plant indicator parts.
In the spring-summer period, there appeared to be a tendency towards a decrease in plant nutrition with regard to calcium, nitrogen and magnesium, but at the same time, there was an increase of sulphur content. 3. The effect of plant age on the nutritional status with regard to macroelements was shown in the autumn-winter period. With the aging of plants, there followed a significant increase of potassium and phosphorus contents and at the same time, a decrease of calcium content and a stable content of magnesium and sulphur. 4. The plants' age exerted an influence on plant nutrition with regard to macroelements in the spring-summer period. With the aging of plants, there occurred a significant increase of phosphorus content, while at the same time, there was a decrease of calcium and of the stable sulphur content. V., Holandia) w sezonie jesienno--zimowym i wiosenno-letnim. Anturium uprawiano w keramzycie z zastosowaniem fertygacji kroplowej pożywką standardową. Wraz z poprawą warunków świetlnych stwierdzono istotny wzrost plonowania roślin. W trakcie 3 lat badań wykazano istotny wpływ warunków okresu uprawy na stan odżywienia roślin fosforem i potasem. W okresie wiosenno-letnim stwierdzono istotne obniżenia zawartości fosforu, przy wzroście zawartości potasu w liściach roślin. Stan odżywienia roślin fosforem i wapniem w okresie wiosenno-letnim, a fosforem, potasem i wapniem w okresie jesienno-zimowym zależał istotnie od wieku roślin. W okresie wiosenno-letnim stwierdzono na ogół spadek zawartości wapnia, azotu i magnezu, a wzrost zawartości siarki. Uzyskane wyniki mogą być wartościowym narzędziem w interpretacji wyników analizy części wskaźnikowych roślin w celach diagnostycznych.
